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We discuss possible new physics (NP) effects beyond the standard model (SM) in the
exclusive decays B¯0 → D(∗)τ−ν¯τ . Starting with a model-independent effective Hamiltonian
including non-SM four-Fermi operators, we show how to obtain experimental constraints
on different NP scenarios and investigate their effects on a large set of physical observables.
The B¯0 → D(∗) transition form factors are calculated in the full kinematic q2 range by
employing the covariant confined quark model developed by our group.
1 Introduction
The exclusive semileptonic decays B¯0 → D(∗)τ−ν¯τ have been measured by the BABAR [1],
Belle [2], and LHCb [3] collaborations in an effort to unravel the well-known RD(∗) puzzle
which has persisted for several years (see [4, 5, 6] and references therein). The current world
averages of the ratios are RD = 0.406± 0.050 and RD∗ = 0.311± 0.016, which exceed the SM
predictions of RD = 0.300±0.008 [7] and RD∗ = 0.252±0.003 [8] by 2.1σ and 3.6σ, respectively.
The excess of R(D(∗)) over SM predictions has attracted a great deal of attention in the
particle physics community and has led to many theoretical studies looking for NP explanations.
Some studies focus on specific NP models including two-Higgs-doublet models [9], leptoquark
models [10], and other extensions of the SM. Other studies adopt a model-independent approach,
in which a general effective Hamiltonian for the b → cℓν transition in the presence of NP is
imposed to investigate the impact of various NP operators on different physical observables [11].
Most of the theoretical studies rely on the heavy quark effective theory (HQET) [12] to evaluate
the hadronic form factors, which are expressed through a few universal functions in the heavy
quark limit (HQL). In the present analysis, we employ an alternative approach to calculate the
NP-induced hadronic transitions based on the covariant confined quark model (CCQM), which
has been developed in some earlier papers by us (see [13] and references therein).
Here we follow the authors of [11] to include NP operators in the effective Hamiltonian and
investigate their effects on physical observables of the decays B¯0 → D(∗)ℓ−ν¯ℓ. We define a
full set of form factors corresponding to SM+NP operators and calculate them by employing
the CCQM. In the CCQM the transition form factors can be determined in the full range
of momentum transfer, making the calculations straightforward without any extrapolation.
This provides an opportunity to investigate NP operators in a self-consistent manner, and
independently from the HQET. We first constrain the NP operators using experimental data
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on the ratios of branching fractions, then analyze their effects on various observables. We also
derive the fourfold angular distribution for the cascade decay B¯0 → D∗+(→ D0π+)τ−ν¯τ to
analyze the polarization of the D∗ meson in the presence of NP.
2 Effective operators and helicity amplitudes
Assuming that all neutrinos are left-handed and that NP effects only influence leptons of the
third generation, the effective Hamiltonian for the quark-level transition b→ cτ−ν¯τ is given by
Heff = 4GF√
2
Vcb

OVL + ∑
X=SL,SR,VL,VR,TL
XOX

 ,
where the four-Fermi operators OX are defined as (i = L,R)
OVi = (c¯γµPib) (τ¯ γµPLντ ) ,
OSi = (c¯Pib) (τ¯PLντ ) ,
OTL = (c¯σµνPLb) (τ¯σµνPLντ ) .
Here, σµν = i [γµ, γν ] /2, PL,R = (1∓ γ5)/2 are the left and right projection operators, and X ’s
are the complex Wilson coefficients governing the NP contributions, which are equal to zero in
the SM.
The invariant form factors describing the hadronic transitions B¯0 → D and B¯0 → D∗ are
defined as follows:
〈D(p2)|c¯γµb|B¯0(p1)〉 = F+(q2)Pµ + F−(q2)qµ,
〈D(p2)|c¯b|B¯0(p1)〉 = (m1 +m2)FS(q2),
〈D(p2)|c¯σµν(1− γ5)b|B¯0(p1)〉 = iF
T (q2)
m1 +m2
(
Pµqν − P νqµ + iεµνPq) ,
〈D∗(p2)|c¯γµ(1∓ γ5)b|B¯0(p1)〉 = ǫ
†
2α
m1 +m2
[
∓ gµαPqA0(q2)± PµPαA+(q2)
±qµPαA−(q2) + iεµαPqV (q2)
]
,
〈D∗(p2)|c¯γ5b|B¯0(p1)〉 = ǫ†2αPαGS(q2),
〈D∗(p2)|c¯σµν(1− γ5)b|B¯0(p1)〉 = −iǫ†2α
[ (
Pµgνα − P νgµα + iεPµνα)GT1 (q2)
+ (qµgνα − qνgµα + iεqµνα)GT2 (q2)
+
(
Pµqν − P νqµ + iεPqµν)Pα GT0 (q2)
(m1 +m2)2
]
,
where P = p1 + p2, q = p1 − p2, and ǫ2 is the polarization vector of the D∗ meson which
satisfies the condition ǫ†2 · p2 = 0. The particles are on their mass shells: p21 = m21 = m2B¯0 and
p22 = m
2
2 = m
2
D(∗)
.
Using the helicity technique first described in [14] and further discussed in our recent pa-
pers [4, 5], one obtains the ratio of branching fractions RD(∗)(q
2) as follows:
RD(∗)(q
2) =
(
q2 −m2τ
q2 −m2µ
)2 HD(∗)tot∑
n
|Hn|2 + δµ
(∑
n
|Hn|2 + 3|Ht|2
) ,
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HDtot = |1 + gV |2
[|H0|2 + δτ (|H0|2 + 3|Ht|2)] + 3
2
|gS |2|HSP |2
+3
√
2δτRegSH
S
PHt + 8|TL|2(1 + 4δτ)|HT |2 + 12
√
2δτReTLH0HT ,
HD∗tot = (|1 + VL|2 + |VR|2)
[∑
n
|Hn|2 + δτ
(∑
n
|Hn|2 + 3|Ht|2
)]
+
3
2
|gP |2|HSV |2
−2ReVR
[
(1 + δτ )(|H0|2 + 2H+H−) + 3δτ |Ht|2
]− 3√2δτRegPHSVHt
+8|TL|2(1 + 4δτ )
∑
n
|HnT |2 − 12
√
2δτReTL
∑
n
HnH
n
T .
Here, δℓ = m
2
ℓ/2q
2 is the helicity flip factor, gV ≡ VL + VR, gS ≡ SL + SR, gP ≡ SL − SR,
and the index n runs through (0,+,−). The definition of the hadronic helicity amplitudes H
in terms of the invariant form factors is presented in the Appendix of [6]. Note that we do not
consider interference terms between different NP operators since we assume the dominance of
only one NP operator besides the SM contribution.
3 Form factors in the CCQM
As has been discussed in detail in [5] we calculate the current-induced B → D(∗) transitions
from their one-loop quark diagrams. As a result the various form factors in our model are
represented by threefold integrals which are calculated by using fortran codes in the full
kinematical momentum transfer region 0 ≤ q2 ≤ q2max = (mB¯0 − mD(∗))2. Our numerical
results for the form factors are well represented by a double-pole parametrization
F (q2) =
F (0)
1− as+ bs2 , s =
q2
m21
.
The parameters of the form factors for the B¯0 → D and B¯0 → D∗ transitions are listed
in Table 1. We also list the zero-recoil values of the form factors for comparison with the
B¯0 → D∗ B¯0 → D
A0 A+ A− V G
S GT0 G
T
1 G
T
2 F+ F− F
S FT
F (0) 1.62 0.67 −0.77 0.77 −0.50 −0.073 0.73 −0.37 0.79 −0.36 0.80 0.77
a 0.34 0.87 0.89 0.90 0.87 1.23 0.90 0.88 0.75 0.77 0.22 0.76
b −0.16 0.057 0.070 0.075 0.060 0.33 0.074 0.065 0.039 0.046 −0.098 0.043
F (q2max) 1.91 0.99 −1.15 1.15 −0.74 −0.13 1.10 −0.55 1.14 −0.53 0.89 1.11
FHQL(q2max) 1.99 1.12 −1.12 1.12 −0.62 0 1.12 −0.50 1.14 −0.54 0.88 1.14
Table 1: Parameters of the dipole approximation for B¯0 → D(∗) form factors. Zero-recoil values
of the form factors are also listed for comparison with the HQET.
corresponding HQET results which can e.g. be found in [5]. The agreement between the two
sets of zero-recoil values is within 10%. It is worth mentioning that we obtain a nonzero result
for the form factor GT0 at zero recoil, which is predicted to vanish in the HQET.
We note that in [4] the HQL in our approach was explored in great detail for the heavy-to-
heavy B¯0 → D(∗) transitions. In [4] we also calculated the Isgur-Wise function and considered
the near-recoil behavior of the form factors. A brief discussion of the subleading corrections to
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the HQL arising from finite quark masses can be found in Appendix B of [5]. Finally, we briefly
discuss some error estimates within our model. We fix our model parameters (the constituent
quark masses, the infrared cutoff, and the hadron size parameters) by minimizing the functional
χ2 =
∑
i
(yexpti −y
theor
i )
2
σ2
i
where σi is the experimental uncertainty. If σ is too small then we take
its value of 10%. Moreover, we observed that the errors of the fitted parameters are of the order
of 10%. Thus we estimate the model uncertainties to lie within 10%.
4 Experimental constraints
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Figure 1: Constraints on the Wilson coefficients VL, VR, SL,
and TL within 1σ (green, dark) and 2σ (yellow, light). No
value of SR is allowed within 2σ. The best-fit value in each
case is denoted with the symbol ∗.
Within the SM (without any
NP operators) our model calcu-
lation yields R(D) = 0.267 and
R(D∗) = 0.238, which are con-
sistent with other SM predic-
tions given in [7, 8] within 10%.
Assuming the dominance of
only one NP operator at a time
(besides the SM one), we com-
pare the calculated ratios RD(∗)
with the current experimental
data RD = 0.406 ± 0.050 and
RD∗ = 0.311± 0.016 and obtain
the allowed regions for the NP
couplings as shown in Fig. 1.
It is important to note that
while determining these regions,
we also take into account a the-
oretical error of 10% for the ra-
tios R(D(∗)). The vector oper-
ators OVL,R and the left scalar
operator OSL are favored while
there is no allowed region for
the right scalar operator OSR
within 2σ. Therefore we will not
consider OSR in what follows.
The tensor operator OTL is less
favored, but it can still well ex-
plain the current experimental results. In each allowed region at 2σ we find the best-fit value
for each NP coupling. The best-fit couplings read VL = −1.33 + i1.11, VR = 0.03 − i0.60,
SL = −1.79− i0.22, TL = 0.38− i0.06, and are marked with an asterisk.
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5 The cascade decay B¯0 → D∗+(→ D0pi+)τ−ν¯τ and the
angular observables
5.1 The fourfold distribution
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x
Figure 2: Definition of the angles θ, θ∗ and χ in the
cascade decay B¯0 → D∗+(→ D0π+)τ−ν¯τ .
In order to analyze NP effects on
the polarization of the D∗ meson one
uses the cascade decay B¯0 → D∗+(→
D0π+)τ−ν¯τ . A detailed derivation of
the fourfold angular distribution (with-
out NP) can be found in our paper [15].
The three angles θ, θ∗, and χ in the dis-
tribution are defined in Fig. 2 One has
d4Γ(B¯0 → D∗+(→ D0π+)τ−ν¯τ )
dq2d cos θdχd cos θ∗
=
9
8π
|N |2J(θ, θ∗, χ),
where
|N |2 = G
2
F |Vcb|2|p2|q2v2
(2π)312m21
B(D∗ → Dπ).
The full angular distribution J(θ, θ∗, χ)
is written as
J(θ, θ∗, χ)
= J1s sin
2 θ∗ + J1c cos
2 θ∗ + (J2s sin
2 θ∗ + J2c cos
2 θ∗) cos 2θ
+J3 sin
2 θ∗ sin2 θ cos 2χ+ J4 sin 2θ
∗ sin 2θ cosχ
+J5 sin 2θ
∗ sin θ cosχ+ (J6s sin
2 θ∗ + J6c cos
2 θ∗) cos θ
+J7 sin 2θ
∗ sin θ sinχ+ J8 sin 2θ
∗ sin 2θ sinχ+ J9 sin
2 θ∗ sin2 θ sin 2χ,
where Ji(a) (i = 1, . . . , 9; a = s, c) are the angular observables. Their explicit expressions in
terms of helicity amplitudes and Wilson coefficients can be found in our paper [5]. The fourfold
distribution allows one to define a large set of observables which can help probe NP in the
decay. First, by integrating the angular decay distribution over all angles one obtains
dΓ(B¯0 → D∗τ−ν¯τ )
dq2
= |N |2Jtot = |N |2(JL + JT ),
where JL = 3J1c − J2c and JT = 2(3J1s− J2s) are the longitudinal and transverse polarization
amplitudes of the D∗ meson. In Fig. 3 we present the q2 dependence of the rate ratios RD(∗)(q
2)
in different NP scenarios. It is interesting to note that unlike the vector and scalar operators,
which tend to increase both ratios, the tensor operator can lead to a decrease of the ratio
R(D∗) for q2 & 8 GeV2. Moreover, while the ratio R(D∗) is minimally sensitive to the scalar
coupling SL (in comparison with other couplings, i.e. VL,R, TL), the ratio R(D) shows maxi-
mal sensitivity to SL. These behaviors can help discriminate between different NP operators.
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5.2 The cos θ distribution, the forward-backward asymmetry, and the
lepton-side convexity parameter
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Figure 3: RD(q
2) (left) and RD∗(q
2) (right). The thick
black dashed lines are the SM prediction; the gray bands
include NP effects corresponding to the 2σ allowed regions
in Fig. 1; the red dotted lines represent the best-fit values.
We define a normalized angular de-
cay distribution J˜(θ∗, θ, χ) through
J˜(θ∗, θ, χ) =
9
8π
J(θ∗, θ, χ)
Jtot
,
where Jtot = 3J1c + 6J1s −
J2c − 2J2s. The normalized an-
gular decay distribution J˜(θ∗, θ, χ)
obviously integrates to 1 after
cos θ∗, cos θ, and χ integration. By
integrating the fourfold distribu-
tion over cos θ∗ and χ one ob-
tains the differential cos θ distribu-
tion which is described by a tilted
parabola. The normalized form of
the parabola reads
J˜(θ) =
a+ b cos θ + c cos2 θ
2(a+ c/3)
.
The linear coefficient b/2(a + c/3)
can be projected out by defin-
ing a forward-backward asymme-
try given by
AFB(q2)
=
[
∫ 1
0
− ∫ 0
−1
]d cos θ dΓ/d cos θ
[
∫ 1
0 +
∫ 0
−1]d cos θ dΓ/d cos θ
=
b
2(a+ c/3)
=
3
2
J6c + 2J6s
Jtot
.
The coefficient c/2(a+ c/3) of the
quadratic contribution is obtained
by taking the second derivative of
J˜(θ). Accordingly, we define a con-
vexity parameter by writing
CτF (q
2) =
d2J˜(θ)
d(cos θ)2
=
c
a+ c/3
=
6(J2c + 2J2s)
Jtot
.
The q2 dependence of AFB is shown in Fig. 4. The coupling VL does not effect AFB in both
decays. In the case of the B¯0 → D∗ transition, the operators OVR , OSL , and OTL behave
mostly similarly: they tend to decrease AFB and shift the zero-crossing point to greater values
than the SM one. However, the tensor operator can also increase AFB in the high-q2 region. In
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the case of the B¯0 → D transition, the operator OVR does not affect AFB, the tensor operator
OTL tends to lower AFB, and the scalar operator OSL thoroughly changes AFB: it can increase
AFB by up to 200% and implies a zero-crossing point, which is impossible in the SM. This
unique effect of OSL would clearly distinguish it from the other NP operators.
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Figure 4: Forward-backward asymmetry AFB for B¯0 → Dτ−ν¯τ (upper) and B¯0 → D∗τ−ν¯τ
(lower). Notations are the same as in Fig. 3.
In Fig. 5 we present the lepton-side convexity parameter CτF (q
2).
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Figure 5: Lepton-side convexity parameter CτF (q
2).
While CτF (D) is only sensitive to OTL ,
CτF (D
∗) is sensitive to OSL , OVR , and
OTL . Unlike OSL , which can only in-
crease CτF (D
∗), the operator OTL can
only lower the parameter. It is worth
mentioning that CτF (D) and C
τ
F (D
∗)
are extremely sensitive to OTL : it can
change CτF (D
(∗)) by a factor of 4 at
q2 ≈ 7 GeV2.
5.3 The cos θ∗ distribution
and the hadron-side convex-
ity parameter
By integrating the fourfold distribu-
tion over cos θ and χ one obtains
the hadron-side cos θ∗ distribution de-
scribed by an untilted parabola (with-
out a linear term). The normalized
form of the cos θ∗ distribution reads J˜(θ∗) = (a′ + c′ cos2 θ∗)/2(a′ + c′/3), which can again be
characterized by its convexity parameter given by
ChF (q
2) =
d2J˜(θ∗)
d(cos θ∗)2
=
c′
a′ + c′/3
=
3J1c − J2c − 3J1s + J2s
Jtot/3
.
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The cos θ∗ distribution can be written as
J˜(θ∗) = 3/4 · (2FL(q2) cos2 θ∗ + FT (q2) sin2 θ∗) ,
where FL(q
2) and FT (q
2) are the polarization fractions of the D∗ meson and are defined as
FL(q
2) = JL/(JL + JT ), FT (q
2) = JT /(JL + JT ), FL(q
2) + FT (q
2) = 1.
The hadron-side convexity parameter and the polarization fractions of the D∗ are related by
ChF (q
2) = 3/2 · (2FL(q2)− FT (q2)) = 3/2 · (3FL(q2)− 1) .
The effects of NP operators on the hadron-side convexity parameter ChF (q
2) are shown in
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Figure 6: Hadron-side convexity parameter ChF (q
2). Notations are the same as in Fig. 3.
Fig. 6. Each NP operator can change ChF (q
2) in a unique way: the vector operator OVR almost
does nothing to the parameter; the scalar operator OSL increases the parameter by about 50%
nearly in the whole range of q2; the tensor operator OTL lowers the parameter (by up to 200%
at low q2), and it also allows negative values of ChF (q
2), which are impossible in the SM.
5.4 The χ distribution and the trigonometric moments
By integrating the fourfold distribution over cos θ and cos θ∗, one obtains the χ distribution
whose normalized form reads
J˜ (I)(χ) =
[
1 +A
(1)
C (q
2) cos 2χ+A
(1)
T (q
2) sin 2χ
]
/(2π),
where A
(1)
C (q
2) = 4J3/Jtot and A
(1)
T (q
2) = 4J9/Jtot. Besides, one can also define other angular
distributions in the angular variable χ as follows:
J (II)(χ) =
[ ∫ 1
0
−
∫ 0
−1
]
d cos θ∗
∫ 1
−1
d cos θ
d4Γ
dq2d cos θdχd cos θ∗
,
J (III)(χ) =
[ ∫ 1
0
−
∫ 0
−1
]
d cos θ∗
[ ∫ 1
0
−
∫ 0
−1
]
d cos θ
d4Γ
dq2d cos θdχd cos θ∗
.
The normalized forms of these distributions read
J˜ (II)(χ) =
1
4
[
A
(2)
C (q
2) cosχ+A
(2)
T (q
2) sinχ
]
,
J˜ (III)(χ) =
2
3π
[
A
(3)
C (q
2) cosχ+A
(3)
T (q
2) sinχ
]
,
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whereA
(2)
C (q
2) = 3J5/Jtot, A
(2)
T (q
2) = 3J7/Jtot, A
(3)
C (q
2) = 3J4/Jtot, A
(3)
T (q
2) = 3J8/Jtot.
Another method to project the coefficient functions Ji (i = 3, 4, 5, 7, 8, 9) out from the
fourfold angular decay distribution is to take the appropriate trigonometric moments of the
normalized decay distribution J˜(θ∗, θ, χ) [4]. The trigonometric moments are defined by
Wi =
∫
d cos θd cos θ∗dχMi(θ
∗, θ, χ)J˜(θ∗, θ, χ) ≡ 〈Mi(θ∗, θ, χ)〉 ,
where Mi(θ
∗, θ, χ) defines the trigonometric moment that is being taken. One finds
WT (q
2) ≡ 〈cos 2χ〉 = 2 · (J3/Jtot) = (1/2) · A(1)C (q2),
WIT (q
2) ≡ 〈sin 2χ〉 = 2 · (J9/Jtot) = (1/2) ·A(1)T (q2),
WA(q
2) ≡ 〈sin θ cos θ∗ cosχ〉 = (3π/8) · (J5/Jtot) = (π/8) · A(2)C (q2),
WIA(q
2) ≡ 〈sin θ cos θ∗ sinχ〉 = (3π/8) · (J7/Jtot) = (π/8) · A(2)T (q2),
WI(q
2) ≡ 〈cos θ cos θ∗ cosχ〉 = (9π2/128) · (J4/Jtot) = (3π2/128) ·A(3)C (q2),
WII(q
2) ≡ 〈cos θ cos θ∗ sinχ〉 = (9π2/128) · (J8/Jtot) = (3π2/128) ·A(3)T (q2).
In Fig. 7 we show the q2 dependence of the trigonometric moments WT (q
2), WI(q
2), WA(q
2),
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Figure 7: Trigonometric moments WT (q
2), WI(q
2), WA(q
2), and WIA(q
2). Notations are the
same as in Fig. 3.
and WIA(q
2). The moments WT (q
2) and WI(q
2) are almost insensitive to OVR but highly
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sensitive to OTL . The scalar and tensor operators are likely to raise WT (q2) and to lower
WI(q
2) in general. The moment WA(q
2) shows great sensitivity to OVR , OSL , and OTL . Both
OVR and OTL tend to decrease WA(q2) while OSL tries to do the opposite. It is worth noting
that all three moments WT (q
2), WI(q
2), and WA(q
2) are extremely sensitive to OTL and their
sign can change in the presence of OTL . Regarding the moment WIA(q2), the three operators
act in the same manner: they can change WIA(q
2) in both directions, and the sensitivity is
maximal in the case of OVR . The trigonometric moments WII(q2) and WIT (q2) are equal to
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Figure 8: Trigonometric momentsWII(q
2) (left) andWIT (q
2) (center), and the optimal angular
observable H
(1)
T (q
2) (right). The black dashed lines are the SM prediction. The red dotted lines
represent the best-fit values. The blue dot-dashed line and the pink solid line in the right plot
are the predictions for TL = 0.04− 0.17i and TL = 0.18 + 0.23i, respectively.
zero in the SM and obtain a nonzero contribution only from the right-chiral vector operator
OVR , as depicted in Fig. 8. Both moments are proportional to the imaginary part of VR and
the effect of OVR cancels in their ratio.
One can also consider certain combinations of angular observables where the form factor
dependence drops out (at least in most NP scenarios) [16]. As a demonstration, we consider
the optimized observable
H
(1)
T =
√
2J4/
√
−J2c(2J2s − J3),
which is equal to one not only in the SM but also in all NP scenarios except the tensor one, as
shown in the right plot of Fig. 8. Therefore H
(1)
T (q
2) plays a prominent role in confirming the
appearance of the tensor operator OTL in the decay B¯0 → D∗τ−ν¯τ .
6 Tau polarization as probe for NP
Recently, the Belle collaboration has reported on the first measurement of the longitudinal
polarization of the tau lepton in the decay B¯0 → D∗τ−ν¯τ with the result P τL = −0.38 ±
0.51(stat.)+0.21−0.16(syst.) [2]. The errors are quite large but this pioneering measurement has
opened a new window on the analysis of the dynamics of the semileptonic B → D(∗) transitions.
The hope is that, with the Belle II super-B factory nearing completion, more precise values of
the polarization can be achieved in the future, which would shed more light on the search for
possible NP in these decays.
In a recent paper [6] we have studied the longitudinal (PL), transverse (PT ), and normal
(PN ) polarization components of the τ
− in B¯0 → D(∗)τ−ν¯τ and clarified their roles in the search
for NP. In [6] one can find the q2 dependence of the τ− polarizations in the presence of NP
operators, which bears powerful information for discriminating between different NP scenarios.
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For example, it can be used to perform a bin-by-bin analysis to probe NP in different q2 regions.
One can also calculate the average polarizations over the whole q2 region. The predictions
for the mean polarizations are summarized in Table 2. One sees that the τ− polarization
B¯0 → D
< PDL > < P
D
T > < P
D
N > < |~PD| >
SM (CCQM) 0.33 0.84 0 0.91
SL (0.36, 0.67) (−0.68, 0.33) (−0.76, 0.76) (0.89, 0.96)
TL (0.13, 0.31) (0.78, 0.83) (−0.17, 0.17) (0.79, 0.90)
B¯0 → D∗
< PD
∗
L > < P
D∗
T > < P
D∗
N > < |~PD
∗ | >
SM (CCQM) -0.50 0.46 0 0.71
SL (−0.40,−0.14) (0.47, 0.62) (−0.20, 0.20) (0.69, 0.70)
TL (−0.36, 0.24) (−0.61, 0.26) (−0.17, 0.17) (0.23, 0.69)
VR −0.50 (0.32, 0.43) 0 (0.48, 0.67)
Table 2: q2 averages of the polarization components and the total polarization. The two rows
labeled by SM (CCQM) contain our predictions within the SM with form factors calculated
in the CCQM. The predicted intervals for the observables in the presence of NP are given in
correspondence with the 2σ allowed regions of the NP couplings depicted in Fig. 1.
components in B¯0 → Dτ−ν¯τ are extremely sensitive to SL. When SL is present, 〈PDL 〉 can
be as large as 0.67, 〈PDT 〉 can reach −0.68, and 〈PDN 〉 can even reach ±0.76. It is interesting
to note that if one measures 〈PDL 〉 and finds any excess over the SM value, it would be a
clear sign of SL. Meanwhile, the τ
− longitudinal and transverse polarization components in
B¯0 → D∗τ−ν¯τ are more sensitive to TL. The coupling TL can enhance 〈PD∗L 〉 from the SM
value of −0.50 up to 0.24, or lower 〈PD∗T 〉 from 0.46 down to −0.61. Notably, the average
transverse polarization 〈PDT 〉 is almost insensitive to TL in comparison with SL. When TL is
present, one finds 0.78 ≤ 〈PDT 〉 ≤ 0.83, which is almost the same as the SM value 〈PDT 〉 = 0.84.
In contrast, if SL is present, one has −0.68 ≤ 〈PDT 〉 ≤ 0.33, which is much lower than the SM
prediction. This unique property of 〈PDT 〉 may play a very important role in probing the scalar
coupling SL. It is also interesting to note that the average total polarization < |~PD∗ | > is
almost insensitive to SL.
7 Summary and discussion
We have provided a thorough analysis of possible NP in the decays B¯0 → D(∗)τ−ν¯τ using
the form factors obtained from our covariant quark model. Starting with a general effective
Hamiltonian including NP operators, we have derived the full angular distribution and defined a
large set of physical observables. Assuming NP only affects leptons of the third generation and
only one NP operator appears at a time, we have gained the allowed regions of NP couplings
based on recent measurements at B factories, and studied their effects on the observables. It
has turned out that the current experimental data of R(D) and R(D∗) prefer the operators
OSL and OVL,R , the operator OTL is less favored, and the operator OSR is disfavored at 2σ.
Our analysis has been done under the assumption of one-operator dominance. However, the
VIP2010 11
large observable set has revealed unique behaviors of several observables and provided many
correlations between them, which allows one to distinguish between NP operators. Our analysis
can serve as a map for setting up various strategies to identify the origins of NP, one of which
is as follows: first, one uses the null tests WIT (q
2) = 0 and H
(1)
T (q
2) − 1 = 0 to probe the
operators OVR and OTL , respectively. Second, one measures the forward-backward asymmetry
in B¯0 → Dτ−ν¯τ . If ADFB(q2) has a zero-crossing point, then it is a clear sign of OSL . The
coupling VL is more difficult to test because it is just a multiplier of the SM operator. However,
if the tests above disconfirm OVR , OTL , and OSL at the same time, then the modification of
VL to R(D) and R(D
∗) is a must. In the future when more precise data will be collected, one
can adopt the strategies described here as a useful tool to discover NP in these decays if the
deviation from the SM still remains.
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